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Synthesis of the 4 possible stereoisomers of 3-O-stearoyl c36-corynomycolic acid and 
derived lipopeptides. 

Jacques Eustache* and Alfred Grob 

Sandoz Forschungsinstitut Wien, Brunner Strasse 59, A-1235 Wien (Austria) 

Abstract-A short synthesis of 3-0-stearoyl (SJC), (f?,s), ($5’) and (R,R) C3fjcO’ynomyCOliC acids is described. 
Coupling through a spacer to lysyl-lysyl-lysyl-lysine afforded the corresponding water soluble lipopeptides 
which showed antagonistic activity against LPS activation of macrophages in vitro. 

Glycolipids and lipopeptides containing long chain fatty acids are essential components of the bacterial 

cell wall and often exhibit powerful immunomodulatory activity:’ this is for example the case for 

lipopolysaccharides, cord factors, and certain lipopeptides found in gram+ microorganisms. In the course of our 

research aimed at discovering new low molecular weight immunomodulators we became interested in recently 

described mycoloylpeptides. Several members of this series were reported to have adjuvant properties2 but 

recently, the water soluble derivative l3 was shown to be inactive in promoting differentiation of HL60 cells.4 

We have shown earlier, that starting from the lipid-A structure, successive modifications lead to new series of 

compounds with lipid A-like activity (2, 3).5 The structural similarity between the mycoloylpeptides and our 

own substances led us to evaluate 1 in our test system. 

Surprisingly, whereas 1 did not show significant immunostimulatory activity, in our hands it behaved as 

a potent antagonist of several lipopolysaccharide (LPS) effects6 As a prerequisite to further studies we felt it 

necessary to examine the role of the stereochemistry of the two chiral centers in the mycolic acid backbone 

(mixture of racemics in 1) and decided to synthesize the four possible stereoisomers of 3-O-stearoyl C36- 

corynomycolic acid 4a-d and the corresponding water soluble derivatives 5a-d. 
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To our knowledge, there are only three examples of diastereoselective syntheses of mycolic acids, 

which rely either on the stereoselective addition of a Grignard reagent on a chiral aldehyde7 or on the 

stereoselective alkylation of chiral P-hydroxy esters. 8 The second method provides directly the natural (2R, 

3R)- isomer or its enantiomer but does not allow a ready access to the (2R, 3s)- and (2s. 3R)- isomers. The first 

method gives access to all four isomers, but is somewhat lenghthy. We thought an alternative, in principle very 

short approach, in which the syn-(2,3)- relationship as found in 4a and 4b is established in two steps starting 

from stearic acid, stearaldehyde and a chiral oxazolidinone, according to Evan~.~ Formally, the anti-(2,3)- 

isomers can then be obtained by inversion at C-3. The realization of this approach is shown in scheme 1. The 

chiral (S)-N-acyl-oxazolidinone 6 was obtained by sequential treatment of (Q-4benzyl-2-oxazolidinone with 

butyllithium and stearoyl chloride. Treatment of 6 with 9-borabicyclo[3.3.1]nonyl trifluoromethanesulfonate 

(9-BBN-triflate) and condensation of the resulting boron enolate with l-octadecanal afforded the adduct 7 in 

85% yield, with excellent enantioselectivity. lo To our surprise, cleavage of 7 proved to be difficult and required 

carefully adjusted conditions. Our initial attempts to non-reductively cleave the imide function (LiOH/H20, 

LiOH/H202) failed to provide the expected P-hydroxy acid and led instead to complex mixtures of unidentified 

materials. Most of the reductive methods we used were also unsuccessful and in some cases, led to exclusive 

formation of an unidentified product resulting from opening of the oxazolidinone ring. Finally, we found that 7 

could be very cleanly converted to 8 by treatment with LiBH4 in moist ether.ll Selective protection of the 

primary hydroxyl group as a trityl ether and acylation of the secondary hydroxyl group in 8 provided 10a. 

Cleavage of the trityl group to afford alcohol lla was complicated by the facile intramolecular migration of the 

3-acyl group to position 1.J2 Fortunately, although the 3- and I-acyl isomers could not be separated, oxidation 

of the crude mixture led cleanly to carboxylic acid 4a easily separated from less polar contaminants. 

With the monoprotected diol9a in hand, access to the the anfi-(2S,3S)- isomer 1Oc seemed obvious. In 

fact, inversion of the stereochemistry at C-3 in 9a proved to be particularly troublesome and a variety of 

methods failed to afford even small amounts of the expected compounds. l3 The desired transformation could 

only be achieved using the recently described conditions for sluggish Mitsunobu reactions. l4 Thus, reaction of 

9a with p-nitro- (or o-nitro-) benzoic acid in the presence of PPh3 and diethyl azodicarboxylate (DEAD), 

proceeded smoothly to give 12 in fair yield. Cleavage of the ester linkage required drastic conditions (2M 

NaOCH3 in methanol [MeOH], 24 h) but cleanly afforded 9c in high yield which was then converted into 4c as 

described for 4a. The same reaction sequence, starting from (R)-4-benzyl-2-oxazolidinone led to 6’, 7’, 8’ and 

12’. the enantiomers of 6, 7, 8 and 12 respectively, and the 4b - llb syn-(2R, 3s) and 4b - lib anti-(2R, 3R) 

series. 

The very low water solubility of 4a-d prevented their biological testing in cell culture, and it became 

clear that water soluble derivatives were needed for the planned biological evaluation. Previous experience, l5 

led us to consider that the biological activity of 1 in our test system was primarily linked to its lipophilic moiety 
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and that the contribution of the peptide part of the molecule, if any, was only minor. We decided therefore to 

prepare compounds 5a-d in which the assumed active lipophiic part of the molecule is linked to a hydrophilic 

moiety through a spacer. The synthesis of 5a depicted in scheme 2 is representative. 
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0 0 

0” OTr R 

-I+- 
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diisopropyl-ethylamine CH Cl 0 C 3b 
(a) (1) BuLi, THF, -78OC, 10 mitt; 62) C ,H&OCl, -78OC to r.t., 30 mitt, 80%; (b) (1) 9-BBN-OTf, N,N- 

mm; (2) C H&HO, -78OC, 30 mm then r.t., 1.5 h; (3) CH30H 
(excess), 30% H 0 (excess? bcfferpH7 O°C 1 h 43% (c) (1) LiBH ether r t. 15 min (2) NH Cl O°C 
83%; (d) Trityl c?tl&ide, pyrihine 90%. 6) C ‘H ‘COCi pyridine / CI$ Cl bdC’ 87% (iOa) or 89% ~lOc$ (f) 
HCOOH / ether l:l, r.t., 1.5 h, 62% (kxture &t&ting ila, 88% and 2~e&kc~l-1-octadecanoyloxyeicosk 
3-01, 12%) or 76% (mixture containing llc, 90% and 2-hexadecyl-1-octadecanoyloxyeicosan-3-01, 10%); (g) 
AliquatR 336, KMn04, hexane / acetic acid / water, r.t., 20 h, 70% (4a) or 60% (4~); (h) DEAD, PPh3, p- 
N02ChH4COOH, benzene, r.t., 5 h, 63 %; (i) NaOMe (2M / MeOH), r.t., 96%. 
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When evaluated for their antagonistic activity against LPS, the four lipopeptides 5a-d were found to be 

highly active and equivalent to 1 thus confiing our hypothesis that the peptide moiety in the latter plays a 

minor role regarding LPS antagonism aspects. Surprisingly, the biological activity of the new compounds in 

our assays did not seem to be dependent on their stereochemistry. Detailed results of the biological studies with 

5a-d will be published elsewhere. 

EXPERIMENTAL 

lH NMR spectra were recorded at 250 MHz (or 500 MHz when indicated) using a Bruker AC-250 or 
Bruker AMX-500 suectrometer. FAB mass suectra were determined on a VG 70-SE suectrometer and outical 
rotations measurements were performed on a Perkin-Elmer 141 polarimeter. Combustion analysis was 
performed by the Analytical Department, Sandoz Pharma. For thin layer chromatography we used Silica Gel 60 

lates (Merck) and column chromatography was performed using E.Merck Kieselgel 60 (230 - 400 

. (S)-3-OctadecanoyWphenyloxazolidin-2-one (6). To a cooled (-78OC) solution of (S)-4-phenyl- 
oxazolidin-Zone (3.544 g, 20 mmol), in tetrahydrofuran (THF, 100 mL), was added dropwise under argon (Ar) 
a solution of BuLi in hexane (1.6 M, 12.5 mL, 20 mmol). The clear solution was stirred for 10 min and 
octadecanoyl chloride (6.059 g, 20 mmol) dissolved in THF (50 mL) was added. The mixture was allowed to 
reach room temperature and partitioned between hexane (300 mL) and water (300 mL). The organic phase was 
dried and concentrated in vacua. Polar contaminants were removed by filtration through a plug of silica gel 
(eluting with toluene) and the crude material thus obtained was recrystallized from MeOH to afford pure 6 
(7.079 g, 80%): mp 63 - 65OC; [a] 2o +33O (c 1, CHCl ); *H NMR (CDC13): 6 0.88 (t, J = 6.3 Hz, 3 H), 1.2 - 
1.5 (broad, 28 H), 1.70 (m, 2 H), &7 (dd, J = 13.4, 9.f?Hz, 1 H), 2.94 (m, 2 H), 3.31 (dd, J = 13.4, 3.3 Hz, 1 
H), 3.92 - 4.05 (m, 2 H), 4.67 (m, 1 H), 7.15 - 7.40 (m, 5 H); FAB m.s.: m/z 444 (MH+). Anal. Calc. for 
C,gH4,NO,: C, 75.80; H, 10.22; N, 3.16; Found: C, 75.5; H, 10.3; N, 3.3. 

(R)-3-0ctadecanoyl-Gphenyloxazolidin-2-one (6’). Preparation as for 6. Yield: 85%: mp 63 - 65OC; 
[a] 2o -33.5O (c 1, CHCl ); FAB m.s.: m/z 444 (MH+). Anal. Calc. for C28H45N03: C, 75.80; H, 10.22; N, 
3.19; Found: C, 75.9; H, 18.5; N, 2.8. 

(S)-3-[(2S~R)-2-Hexadecyleicosanoyl-3-hydro~]-4-phenyloxazolidin-2-one 
oxazolidinone 6 (7.022 g, 15.83 mmol), was dissolved in CH 

3 

(7). The ac~l 

and placed under Ar. 9-BBN-OTf (4.702 g, 17.41 mmol) an 
Cl2 (100 mL). The solution was cooled to 0 C 
&isopropylethylamine (2.248 g, 17.41 mmol) 

were added. After stirring for 30 min the solution was cooled to -78OC and octadecanal (4.674 g, 17.41 mmol) 
dissolved in CH2C12 (45 mL) was added. The mixture was stirred 30 min at -78OC and 1.5 h at room 
temperature (r.t.). MeOH (80 mL) and pH7 buffer (32 mL) were added, the mixture was cooled to O°C, and 
Hz0 (30%, 40 mL) was added. After 1 h the mixture was poured into water (700 mL) and extracted with 
CH$l (700 mL). The organic phase was washed once with water, dried and concentrated in vacua. At this 
point, +L C showed a major spot accompanied by a slightly lower migrating minor one. Chromatography 
(eluant: toluene / ethyl acetate 92:8) afforded the pure (2S,3R)-compound 7 (9.2318, 82%) and a mixture (1.215 
g) containing 7 (43%) and its (2R,3S)-isomer (57%). The overall (syn)-isomers ratio as determined by proton 
magnetic resonance spectroscopy (JH NMR) was 93:7. The two other possible (anti)-isomers, if formed, 
represented less than 0.5 % of the mixture. [a] 2o +16.2O (c 1, CHCl,); ‘H NMR (500 Mhz, CDCl$: S 0.88 
(two overlapping t, .I = 6.5 Hz, 6 H), 1.15 - 1.4?broad, 58 H), 1.50 (broad, 2 H), 1.61 (m, 1 H), 1.87 (m, 1 H), 
2.44 (d, J = 3.3 Hz, D20 exchanged, 1 H), 2.71 (dd, .I = 13.2, 10.0 Hz, 1 H), 3.36 (dd. J = 13.2, 3.3 Hz, 1 H), 
3.87 (m, 1 H), 4.07 (dt, .I = 9.8,4 Hz, lH), 4,15 - 4.25 (m, 2 H), 4.74 (m, 1 H), 7.15 - 7.40 (m, 5 H). Anal. Calc. 
for C46H 

ti 
tNO4: C, 77.58; H, 11.46; N, 1.97; Found: C, 77.6; H, 11.8; N, 1.5. 

rxture of 7 and its (2R,3S)-isomer. tH NMR (500 MHz, CDCl ): 6 0.88 (two overlapping t, J = 6.5 
Hz, 6 H), 1.15 - 1.4 (broad, 58 H), 1.50 - 1.90 (m, 4 H), 2.41 (d, J = 3.4 Hz, 0.40 H), 2.47 (d, J = 9 Hz, 0.59 H), 
2.71 (dd, .I = 13.2, 10.0 Hz, 1 H), 3.36 (two overlapping dd, 1 H), 3.73 (m, 0.64 H), 3.87 (m. 0.46 H), 3.94 (dt. J 
= 8.1, 6 Hz, 0.63 H), 4.07 (dt, J = 9.8, 4 Hz, 0.44 H), 4.15 - 4.25 (m, 2 H), 4.70 - 4.80 ( two overlapping m, 1 
H), 7.15 - 7.40 (m, 5 H). 

(R)-3-[(2R3S)-2-Hexadecyleicosanoyl-3-hydroxy]-4-phenyloxazolidin-2-one (7’). Preparation as for 7. 
Ratio (2R,3S) / (2S,3R) 95:5. Yield: 78%. [a] 
H. 11.46; N, 1.97; Found: C, 77.4; H, 11.7; N, 3. - 

2o 17.2O (c 1, CHC13). Anal. Calc. for C4oHgtN04: C. 77.58; 

(2R,3S)-2-Hexadecyleicosan-I,3-diol (8). The adduct 7 (4.085 g, 5.73 mmol) was dissolved in ether 
(250 mL, not dried) and LiBH4 (2.505 g) was added. The resulting suspension was stirred at r.t. for 15 min, 
cooled to O°C and a saturated solution of NH&l (200 mL) was slowly added. The organic phase was dried, and 
concentrated under reduced pressure. Chromatography of the residue (eluant: toluene / ethyl acetate 4:l) 
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ielded pure 8 (2.570 g, 83%) as a colorless wax. [a] B u, -OS”, [a]4 ,j*O -3.6O (c 1, CHCl 
0.88 (two overlapping t, J = 6.3 Hz, 6 H), 1.15 - 19 (broad, 62 d, 1.62 (m, 1 H), d 

; 
2.2 

lH NMR (CDCl3): 
(d, J = 4.8 Hz, D20 

exchanged, 1 H), 2.37 (t, J = 4.9 Hz, D 0 exchanged, 1 H), 3.65 - 3.85 (m, 3 H). Anal. Calc. for C&-i7402: C, 
80.22; H, 13.84; Found: C, 80.4; H, 141. 

(2SJR)-2-Hexadecyleicosan-1,3-diol (8’). Preparation as for 8. Yield: 87%. [u]D*O +1.3O, [r&em 
+2.7’ (C 1, CHCl,). Anal. Calc. for C36H74O2: C, 80.22; H, 13.84; Found: C, 80.1; H, 14.2. 

(2S,3R)-2-Hexadecyl-I-trityloxy-eicosan-3-o1 (9a). Under Ar, the diol 8 (2.480 g, 4.60 mmol), was 
dissolved in pyridine (40 mL). Trityl chloride (2.565 g, 9.20 mmol) was added and the yellow solution was 
stirred at r.t. for 36 h. MeOH (10 mL) was added and stirring was continued for 24 h. The solvents were 
removed under reduced pressure (mmaining traces of pyridine were removed by coevaporating twice with 
toluene). The residue was taken-up in toluene / hexane 1:l and the insoluble material was filtered-off. 
Chromatography (eluant: hexane / toluene 1:l) afforded pure 9a (3.220 g, 90%). [IX] 20 -3O, [a] 620 -7.3O (c 
1 CHCl )* ‘H NMR (CDCl )* 6 0.88 (two overlapping t J = 6.3 Hz 6 H) 1 15 - 1 ?(broad 62 8 168 (m, 1 
H) 2 8614 J = 5.1 Hz D aexchanged 1 H) 3.16 - 3.3b (m 2 H), 5.71 (m,‘l H), 7.20 - 7.iO (m. i5 H). Anal. 
Caic’for C; Hs 0 : C: 8255; H, 11.35;‘Founh: C, 84.5; H, li.7. 

[a]436* 
&2R..kJ-!-dexadecyl-I-trityloxy-eicosan-3-01 (9b). Preparation as for 9a. Yield: 84%. [aID*’ +3.3O, 

+7.4 (c 1, CHCl3). Anal. Calc. for C55Hg802: C, 84.55; H, 11.35; Found: C, 84.9: H, 11.6. 
(2R,3S)-2-Hexadecyl-3-octadecanoyloxy-I -trityloxy-eicosane (10a). The trityl derivative 9a (1.200 g, 

1.53 mmol), was dissolved in cooled (OOC) pyridine (10 mL). The flask was flushed with Ar and octadecanoyl 
chloride (0.909 g, 3 mmol) dissolved in CH2Cl2 (3 mL) was added. The solution was stirred for 48 h at O°C. 
The mixture was poured in CH$& and extracted with 1N HCl. The organic layer was concentrated and the 
residue was freed from polar contaminants by filtration through a short silica el column to afford ure 1Oa 
(1.400 g, 87%) as a colorless oil. [a] *O -1.8O, [a]4 *O -3 7O(c 1 CHCl )*glH NMR (CDCl )* %O 88 (3 
overlapping t, J = 6.3 Hz, 9 H), 1.15 - ?45 (broad, 901$, 1.55 (m, 2’H), l.‘&‘(m, 1 H), 2.18 (t, 3 L 7.4’Hz, 2 
H), 2.98 - 3.10 (m, 2 H), 5.10 (m, 1 H), 7.18 - 7.50 (m, 15 H). Anal. Calc. for C73Ht22O3: C, 83.68; H, 11.74; 
Found: C, 84.0; H, 12.0. 

ecyl3 ~]~20(2S-W2-~c~~ ,- 
+1.8O, [a]436 

octadecanoyloxy-1-trityloxy-eicosane (lob). Preparation as for 1Oa. Yield: 89%. 
+3.5 (C 1, CHCl3). Anal. Calc. for C73H~2O3: C, 83.68; H, 11.74; Found: C, 83.5; H, 

. . 
(2R,3R)-2-Hexadecyl-3-octadecanoyloxy-1 -trityloxy-eicosane (MC). Preparation as for 1Oa. Yield: 85%. 

[a] 2o +6.6O, [a]43 
1.4p(broad, 88 H), 

*O +14O (c 1, CHCl ); tH NMR (CDC13): 6 0.88 (3 overlapping t, J = 6.3 Hz, 9 H), 1.15 - 
&IO - 1.60 (m, 4 H),1.86 (m, 1 H), 2.18 (t,J = 7.4 Hz, 2 H), 3.00 - 3.13 (m, 2 H), 5.10 (m, 

1 H), 7.18 - 7.50 (m, 15 H). Anal. Calc. for C73H122O : C. 83.68; H, 11.74; Found: C, 83.6; H, 11.8. 
(2S,3SI-2-Hexadecyl-3-octadecanoyloxy-l-trrry~~-eicosane (MM). Preparation as for 1Oa. Yield: 86%. 

]a] 
li.? 

*’ -7’, ]a]436 20 -13.8O (c 1, CHCl3). Anal. Calc. for C73Ht22O3: C, 83.68: H, 11.74; Found: C, 83.5; H, 

(2R,3S)-2-Hexadecyl-3-octadecanoyloxyeicosan-1-01 (lla). To the compound 10a (0.500 g, 0.48 
mmol), was added a solution of HCOOH in ether (50%, 25 mL) and the mixture was stirred at r.t. for 2.5 h 
under’kr atmosphere. CH2Cl2 (200 mL) was added and the sohrtion was carefully shaken with a saturated 
solution of NaHCO? (300 mL). The organic laver was dried and concentrated. TLC analvsis of the residue 
showed two main bomponents with dizferent polarities which were separated by column chromatography 
(eluant: toluene). The faster migrating component (formyl ester of lla) was discarded. The other component 
(240 mg, 62%) was a mixture containing lla (88%) and ca. 12816 of 2-hexadecyl-l-octadecanoyloxyeicosan- 
3-01 and was used directly for the next step. ‘H NMR (CDC13): 6 0.88 (3 overlapping t, J = 6.3 Hz, 9 H), 1.15 - 
1.40 (broad, 88 H), 1.40 - 1.75 (m, 5 H), 2.15 - 2.20 (two overlapping t, J = 7.4 Hz, 2 H), 2.70 (two overlapping 
d,J= 9.1 and 4.6 Hz, 1 H), 3.25 (m, 0.87 H), 3.55 - 3.70 (m, 1 H), 4.06 (dd,J= 11.1,4.7 Hz, 0.12 H), 4.21 (dd, 
J=11.3,11.1Hz,0.13H),5.12(m,0.88H) 

(2S,3R)-2-Hexadecyl-3-octadecanoyloxyeicosan-I-o1 (lib). Preparation as for lla. Yield: 75%. 
Percentage 1-0-acyl ca. 10%. 

(2R,3R)-2-Hexadecyl-3-octadecanoyloxyeicosan-I-o1 (11~). Preparation as for lla. Yield: 84%. 
Percentage I-0-acyl ca. 10%. 

(2S,3S)-2-Hexadecyl-3-octadecanoyloxyeicosan-l-o1 (lld). Preparation as for lla. Yield: 80%. 
Percentage 1-0-acyl ca. 5%. 

(2S,3R)-2-Hexadecyl-3-octadecanoyloxyeicosanoic acid (4a). A mixture of the crude lla (0.200 g, 0.25 
mmol), AliquatR 336 (1.00 g) and KMn04 (0.9OOg) in hexane (15 mL) and CH3COOH (3 mL) was stirred at 
r.t. for 20 h. The mixture was cooled to O°C and treated with NaHS03 (2 g) in water (50 mL), then poured into 
hexane (200 mL). The organic layer was washed with water (200 mL), dried and concentrated. 
Chromatography (eluant: toluene / ethyl acetate / CH#XOH 90:9:1), and Bligh-Dyer extraction17 of the 
residue afforded pure 4a: 0.125 g, (70% calcula 
[aID*’ +3.28’, ]a]436 *o +6.8O (c 0.5, CHCl3); 6 

p from lla contained in the starting mixture of isomers). 
H NMR (CDCl3): 6 0.88 (3 overlappmg t, J = 6.3 Hz, 9 H), 
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1.15 - 1.70 (101 H), 2.30 (t, J = 7.4 Hz, 2 H), 2.62 (m, 1 H), 5.09 (m. 1 H); FAB m.s.: m/z 819 (MH+), 535 
(100%). 517. Anal. Calc. for C%Hl 04: C, 79.15; H, 13.04; Found: C, 78.8; H, 12.4. 

(2R,3S)-2-Hexa&cyl-3-octa%canoyloxyeicosanoic acid (4b). Preparation as for 4a. Yield: 67% 
(calculated from llb contained in the starting mixture of isomers). [a]Dzo - 4O, [c&3620 -7O (c 0.5, CHC13). 
Anal. Calc. for C54H1~04: C, 79.15; H, 13.04, Found: C, 79.0; H, 12.5. 

(2S,3S)-2-Hexadecyl-3-octadecanoyloxyeicosanoic acid: (-)-C -corynomycolic acid (4c). Preparation 
as for 4a. Yield: 63%. [a] 20 - 6.6O, [a] 3 2o -12’ (c 0 5 CHCl ). lH&MR (CDCl )* 6 0 88 (3 overlapping t 
J=6.3 Hz, 9 H), 1.15 - 1.8 (101 H),2.2$&J=7.4 Hz;iH), 2.&(m, 1 H), 5.12(n?,i Hi FAB m.s.: m/z819 
(MH+>, 535 (lOO%), 517. Anal. Calc. for CgH1~04: C, 79.15; H, 13.04, Found: C, 79.4; H, 13.3. 

(2R,3R)-2-Hexaakcyll--octadecanoyio~ewosanoic acid: (+)-C36-co’ynomyco1ic acid (4d). Preparation 
as for 4a. Yield: 58%. [a] 2o + 6.4O, [alq3e 
13.04, Found: C, 79.0; H.f3.2. 

2o +13.2O (c 0.5, CHCl$. Anal. Calc. for C54Hto604: C, 79.15; H, 

(2R,3R)-2-Hexadecyl-3-(4-nitrobenroyloxy)-l-triiylony-eicosane (12). To a solution of 9a (1.580 g, 2.02 
mmol), 4-nitrobenzoic acid (2.34Og, 14 mmol) and PPh3 (3.672 g, 14 mmol) in dry benzene (40 mL), was 
added dropwise DEAD (2.438 g, 14 mmol). The mixture was stirred for 20 h and concentrated in vacua. The 
residue was chromatographed (eluant: hexane / toluene 21) to afford 12 (1.180 g. 63%). [a] 20 -0.8O, [a]4 620 
-1.4O (c 1, CHCl,); ‘H NMR (CDCl,): 6 0.88 (2 overlapping f J = 6.3 Hz, 6 H), 1.05 - 1.5Oboad, 60 H), f.66 
(m, 2 H), 205 (m, 1 H), 3.10 - 3.28 (m, 2 H), 5.39 (m, 1 H), 7.18 - 7.50 (m. 15 H), 8.04 (d, J = 8.6 Hz, 2 H), 
8.23 (d, J = 8.6 Hz, 2 H). Anal. Calc. for C62HgtN$: C, 80.10; H, 9.79; N, 1.51; Found: C, 79.9; H, 9.9; N, 
1.6. 

(2S$S)-2-Hexadecyl-3-(4-nitzoylo~~l-trifiyloxy-eicosane (12’). Prepared starting from 9c as 
described for 12. Yield: 63%. [a] 
H, 9.79; N, 1.51; Found: C, 80.2; 8 

u, O”, [a]436 +0.8 
, 10.1; N, 1.2. 

(c 1, CHC13). Anal. Calc. for C62H91N0,: C, 80.10; 

(2S,3S)-2-Hexadecyl-l-trityloxy-eicosan-3-o1 (SC). A suspension of 12 (1.000 g). in MeONa/MeOH 
(2M), was stirred at room temperature for 10 h. The clear solution thus obtained was partitioned between 
hexane (200 mL) and water (200 mL). The organic 
hexane/toluene 3:2) gave 9c (0.810 g, 96%). [a] 

hase was dried and concentrated. Chromatography (eluant: 
&!r -5.6O, [a], 2o -9 4O (c 1 CHCl 

088(twooverlappingt J=63Hz 6H) 115-?80(63H) 2i%(d J=6lHz D ?? 
; 1H NMR (CDCl )* 6 
exchanged 1H) 322 

(dd, J = 10.4.3 Hz), 3.30 (dd,J = lb, 2.5’H& 3.56 (m, 1 H),‘7.20 - 7.50 (m; 15 H). &al. Calc. foiC55Hi862: 
C, 84.55; H, 11.35; Found: C, 84.9; H, 11.6. 

(2R,3R)-2-Hex&ec#-I-trityloxy-eicosan-3-of (9d). Prepared starting from 12 as described for 9c. 
Yield: 90%. [a] u, +5.6 , [a]436U, +10.5O (c 1, CHC13). Anal. Calc. for C55Hg802: C, 84.55; H, 11.35; 
Found: C, 84.05;?& 11.21. 

6-[(2S3R)-2-Hexadecyl-3-octadecanoylo~-eicosanoylamino]-~xanoic acid benzyl ester (13a). The 
acid 4a (0.444 g, 0.54 mmol) was dissolved in cool (OOC) CH2Cl 
0.6 mmol) and 1,3-dicyclohexylcarbodiimide (DCC, 0.124 g, 02 

(25 mL). N-Hydroxysuccinimide (0.069 g, 
mmol) were added and the reaction was 

allowed to proceed for 10 min at O°C and 30 min at r.t.. The precipitated dicyclohexylurea was removed by 
filtration, the solvent was removed under reduced pressure and the residue was dissolved in dimethylformamide 
(DMF, 10 mL) and CH2Cl2 (5 mL). Benzyl6-amino-hexanoate tosylate (0.315 g, 0.8 mmol) was added and the 
pH was adjusted to ca. 8 with diisopropylethylamine. The mixture was stirred at r.t. for 16 h then partitioned 
between CH Cl2 (50 mL) and water (50 mL). The organic layer was dried, concentrated in vacua and the 
residue was ckomatographed (eluant: toluene /ethyl acetate 93 : 1) to afford 13a (0.420 g 76%).[a] 20 +4.2O 
[a]4362o +7.5O (c 1, CHCl3); ‘H NMR (CDC13): 6 0.88 (3 overlapping t, J = 6.3 Hz, 9 H),‘l.O - 1.8 (68 H), 2.26 
- 2.42 (m, 5 H), 3.24 (m, 2 H), 5.00 (pseudo q, 1 H), 5.12 (s, 2 H), 5.53 (t, J = 5.8 Hz, 1 H), 7.36 (m, 5 H). Anal. 
Calc. for 

cs 
7H NO : C, 78.69; H, 12.12; N, 1.37; Found: C, 78.6; H, 12.0; N, 1.4. 

6-[( R,&2-&xadecyl-3-octadecanoyloxy-eicosano laminol-hexanoic acid benzyl ester (13b). 
Prepared as 13a. Yield: 66%. [a] 2o -4 O” [a] rj2’ -8.6l (c 1, CHCl3). Anal. Calc. for C67H,,,N$: C, 
78.69; H, 12.12; N, 1.37; Found: Cp78.4; H, i2.0;%, 1.5. 

6-[(2S,3S)-2-Hexadecyl-3-octadecano~loxy-eicosanoylamino]-hexanoic acid benzyl ester (13c). 
Prepared as 13a. Yield: 68%. [a]D”, -3.7 , [cc]4 2o -6.6O (c 1, CHC13); lH NMR (CDCI ): 6 0.88 (3 
overlapping t, J = 6.3 Hz, 9 H), 1.0 - 1.8 (98 H), 2.26 - 2.42 (m, 5 H), 3.21 (m, 2 H), 4.98 (m, 1 ?-I), 5.12 (s, 2 
H), 5.74 (t, J = 5.7 Hz), 7.36, (m, 5 H). Anal. Calc. for C67H123NC5: C, 78.69; H, 12.12; N, 1.37; Found: C, 
78.1; H, 11.8; N, 1.4. 

6-[(2R,3R)-2-Hexadecyl-3-octadecanoyloxy-eicosano~lamino]-hexanoic acid benzyl ester (13d). 
Prepared as 13a. Yield: 67%. [al 20 +2.9O [a] e2’ +4.6 (c 1, CHCl$. Anal. Calc. for C67Ht23NC5: C, 
78.69; H, 12.12; N 1.37; Found: ~86.~ i2o.fi 14 

N2-[N2-[N~-[N2-[6-[(2S,3R~-2-‘H~x~dec~~-3-~c~ahecanoylony-eicosanoylaminoJ-hexanoyl]-N6- 
(ben~loxycarbonyl)-L-lysyl]-N6-(benzylo~carbonyl)-L-lysyl]-N6-(benzylo~carbonyl)-L-ly~l]-N6- 
(benzyloxycarbonyl)-L-lysine benzyl ester (14a). 13a (0.370 g, 0.362 mmol) was dissolved in ethyl acetate (300 
mL) and hydrogenated over 10% Pd / C (0.050 g) for 1 h. The catalyst was removed by filtration, well washed 
with a mixture of CHC13 / MeOH 9: 1, and the solvent was evaporated under reduced pressure. The residue was 
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dissolved in cooled (OOC) CH$i~ (60 mL), N-hy~xysu~in~de (0.046 g, 0.4 mmoi) and DCC (0.083 g, 0.4 
mmol) were add& and the nuxture was stined for 3 h. NHZ-[Lys-(Z&-0CH2Ph1* (0.463 g, 0.4 mmol) was 
added, the pH was adjusted to ca. 7.5 with triethylamine and stirrmg was continued for 16 h at room 
temperature. The solvent was evaporated and the residue was purified by ehromatograpby (eluant: mluene / 
ethyl acetate 1:l then CHCl I MeOH 955) and Bligh-Dyer extraction: 0.243 g (32%). [a] 
CHCl / MeOH l:l)* tH Nh& (500 MHz CDCl /CD OD 91) 6 0 88 (3 overlapping t, J = 6 

2* -12.8O (c 1 
?I Hz, 9 H) 1 1; 

- 1.9 $22 H), 2.17 irn, 2 H), 2.30 (t. J=i.8 Hz:2 H ~vorla~p~g with m, 1 H), 3.04 - 3.24 (m, 10 H), 4.lb - 
4.70 (broad, 4 H), 5.00 (pseudo q, 1 H), 5.04 - 5.20 (m. 10 H), 7.23 - 7.38, (m, 25 H). Anoi’. Calc. for 
Ct23Ht N 0 7: C!, 71.30; H, 9.49; N, 6.08; Found: C, 71.4; H, 9.2; N, 6.0. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(~~nzyro~curbonyr;i-L-tysyf~- -{~~~lo~curbonyi)-L-iy~i~-~6-(benzyl 
(belzyloxycarbonyl}-L-lysine benzyl ester (14b). prepared as 14a. Yield: 54%. [a] 
MeOH 1:l); IH NMR (500 MHz, CDCI3 f CD3OD 9:l) 6 0.88 (3 overlapping t, 

18.3 (c 0.3, CHCl / 
JD= 6.8 Hz, 9 H), 1.15 - 29 

(122 H), 2.17 (m, 2 H), 2.30 (q, J = 7.6,6.7 Hz, 2 H, overlapping with m, 1 H), 3.04 - 3.24 (m, 10 H), 4.10 - 
4.70 (broad, 4 H), 5.01 (pseudo q, 1 H), 5.04 - 5.20 (m, 10 H), 7.23 - 7.38, (m, 25 H), Anal. Calc. for 

N, 6.08; Found: C, 71.1; H, 9.6; N, 6.1. 
N2-[N2-[N2-[N2+%/(2R R)-2-Hexadecyl-3-octadecanoyloxyeicosanoylaminof-hexanoy~~-N~- 

(ben~~o~carbonyf)-L-~y.~yl]- Nd -(ben~lo~carbonyl)-L-IysylJ-N6-(benzyl 
~be~~fo~curbonyl)-L-iysine benzyt ester (14d). prepared as 14n. Yield: 52%. [cx]D~* -10.9O (c 1, CHC!] / 
MeOH 1:l); ‘H NMR (500 MHz, CDC13 / CD3OD 9:l) 6 0.88 (3 overlapping t, J = 6.8 Hz, 9 H), 1.15 - ?,9 
(122 H), 2.17 (m, 2 H), 2.28 (t. J = 7.4 Hz, 2 H), 2.37 (m, 1 H), 3.05 - 3.25 (m, 10 H), 4.10 - 4.70 (broad, 4 H), 
4.96 (m, 1 Hf, 5.04 - 5.20 (m, 10 H), 7.23 - 7.38, (m, 25 H). Anal. Calc. for C123H105N9017: C, 71.30; H, 9.49; 
N, 6.08; Found: C, 71.2; H, 9.5; N, 6.0. 

N6-~~~2S~R)-2-ffexadecyl-3-octadecanoyloxy-eicosanoyl~i~~-h~~oyl~-L-~syl-L-ly~i-L-~ysy~-L- 
lysine terrahydroch~or~~ @a). The protected ~ipo~ptide 14a (0.203 g, 0.1 mmol) par&By dissolved in a THF / 
0.1 N aqueous HCI 5: I (30 mL) was hydrogenated over lO%Pd / C (20 mg) for 8h (eluant for reaction control 
CHC13 I CH3OH I H20 I CH$OOH, 125:75:20:10). Most of#e catalyst was filtered-off and the last traces of 
catalyst were removed by filtration through a 0.02 pm filter. 
(88%) of Sa. [a] 

The filtrate was lyophilized to afford 137 mg 

6.8 Hz, 9 H), 
20 -8’ (C 0.5, MeOH / H 0 1 :I); IH NMR (500 MHz, CD OD) 6 0.90 (3 overlapping t J = 

1.19 - 2.0 (122 H), 2.28 (t, 73 HZ, 2 H), 2.38 (t, I = 7.1 Hz, 2 b), 2.40 (m, 1 H), 2.9 - 3.0 (En 8 
H), 3.10 - 3.20 (m, 2 H), 4.29 (dd, J = 8.8,5.8 Hz, 1 H), 4.32 - 4.4 (m, 3 H), 5.06 (m, 1 H); FAB m.s.: m/z 1444 
(MH+). 

N6-~~~2R,3S)-2-Hexadecyl-3-octade~a~oyioxy-ei~osanoy~am~no]-hexanoyl~-L-~ysy~-~-lysyi-~-iysyl-L- 
lysine tetrahydrochloride (5b). prepared as Sa. Yield: 91%. [a] 2o -38o (c 0.5, MeOH I H 0 1:1)* ‘H NMR 
(500 MHz, CD OD) 6 0.90 (3 overtapping t, J = 6.9 Hz 9 H) 1 f5 - 2 0 (122 H) 2 28 (t 7 ?Hz, 2 H) 2 33 (t 
J = 7.1 Hz, 2 H), 2.39 (m, 1 H), 2.9 - 3.0 (m, 8 H), 3.1; - 3.2b (m, 2 H), 4.29 (di, j = 8.8,5.8 Hz, 1 H), b.32 1 
4.4 (m, 3 H), 5.06 (m, 1 H); FAB m.s.: n$z 1444 (MH+). 

Nb-~[(2S3S)-2-HexadecylJ-octadecanoyloxy-eicosanoylamino]-hexonoy~]-L-lysyI-L-lysyi-L-~ysyysyl-L- 
fysine tetruhydrochforide (SC). Prepared as 5a. Yield 94%. [a] 2o -15O (c 0.5, MeOH / H20 1:l); 1H NMR 
(500 MHz CD OD) 6 0.90 (3 overlapping t, J = 6.9 Hz 9 H) 1% - 2 0 (122 H) 2 20 - 2 32 (m 4 H) 2.45 (m 
1 H), 2.9 -‘3.0 $, 8 H), 3.06 - 3.20 (m, 2 H), 4.29 (dd. j = 8.6, 5.7 Hz: 1 H), 4.32 -‘4.4 (m, 3 H): 5.05’(m, 1 H)I 
FAB m.s.: m/z 1444 (MH+). 

N6-[[(2R,3R)-2-Hexadecyi-3-octadeca~oyio~-e~~osanoylamino]-hexanoy~]-L-~ysyl-~-iysyi-L-~~y~-~- 
lysine tetrahydroch~oride (Sd). Prepared as Sa. Yield 84%. [a] 2o -13O (c 0.5, MeOH / H 0 1:ly H NMR 
(500 MHz, CD OD) 6 0.90 (3 overlapping t J = 6.9 Hz 9 H) 1 f5 - 2.0 (122 H) 2 20 - 2 32fm 4 H) 2.45 (m 
1 H), 2.9 - 3.0 trn, 8 H), 3.08 - 3.20 (m, 2 Hj, 4.29 (dd, > = X.i, i.7 Hz, 1 H), 4.32 -‘4.4 (m, 3 H): S.OS’[m, 1 H): 
FAB ms.: m/z I444 (MHf). 
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